This study analyzed the antioxidant properties of Portulaca oleracea L., known as purslane. The samples (leaves, flowers and stems) were collected at two different locations in Portugal: Tavira (L1) and Vendas Novas (L2). Assays for total antioxidant activity, total phenolic content and ferric-reducing antioxidant power were conducted and, for both locations, significantly higher values (P<0,05) were observed for stems (508.8 and 982.3 mg AAE/100 g DW, 1008.6 and 2285.5 mg GAE/100 g DW, 121.0 and 166.3 mg TE/100 g DW, respectively for each location), than in leaves or flowers. In the DPPH assay, the three-plant parts from L2 reached the 50% inhibition rate in lower concentrations than plants from L1. On the other hand, higher concentrations of total monomeric anthocyanins were found in samples from L1 (95.5, 88.8 and 86.0 mg/L) than in samples from L2 (81.7, 70.5 and 59.8 mg/L). The same was true for phenolic acids, estimated by liquid-chromatography, where methanol extracts were used. Phenolic extracts from all three-plant parts from both locations showed protective effects on DNA against hydroxyl radicals. This work suggests the possibility of benefit to human health from its consumption, related to the high antioxidant activity of purslane, even the stems, usually discarded in daily consumption.
In recent years interest in natural products has increased considerably in response to the scientific community's need for more information about their importance in medicine, human nutrition and their use by the food industry. A focus on natural antioxidants arises from the important role of reactive oxygen species (ROS) in the most major health problems of the industrialized world, including cardiovascular diseases, cancer, diabetes, neurological and age-related diseases [1] . Some studies concluded that the antioxidant capacity of a plant is strongly related to its total phenolic content [2] , which can be divided in two major chemical classes: phenolic acids and flavonoids [3] . Moreover, epidemiologic and intervention studies have demonstrated the beneficial health effects of dietary fruits and vegetables, which is, at least in part, due to their antioxidant contents [4] . Thus, by adding to the human diet an appropriate dose of plant antioxidants, the risk of contracting diseases where ROS are involved in its pathogenesis can be reduced [1] .
Portulaca oleracea L., family Portulacaceae, is commonly known as purslane. It has long been part of human diet [5] . Its water extracts showed neither cytotoxicity nor genotoxicity and are considered safe for daily consumption [6] . In various countries it has been used widely in folk medicine for its antiseptic, antiscorbutic, antispasmodic and diuretic properties, and used to treat urinary disorders and ulcers [5] . Several studies of this plant have demonstrated anti-inflammatory, anti-asthmatic, anti-pyretic and bronchodilator activities [5] , effects in skeletal muscle relaxation [5] and neuro-pharmacological properties [6] . Purslane has been cited also as an important source of omega-3 fatty acids [7] ; however, there is little information about its antioxidant potential and so some of the methods used in this work have been used for this plant for the first time. The main aims of this work were to determine the antioxidant potential of different parts of purslane, to establish a relationship between this antioxidant activity and the phenolic content, to understand the influence of different geographical growing locations and different plant parts in these properties, and to verify whether water extracts can, in fact, protect DNA integrity from the damage caused by free radicals.
Total Antioxidant Activity (TAA) and Total Phenolic Content (TPC) were measured and the results are shown in Table 1 . Results for TAA were significantly different between the two locations (P<0.05) and for the plant part (P<0.05). The highest TPC levels were present in stems (508.8 mg/100g and 982.3 mg/100g), and the highest ability to reduce Mo(VI) to Mo(V) in the total antioxidant activity assay were exhibited by the stems of purslane from L2. As these data have not been reported for purslane before, it is extremely difficult to know if the values reported here are in accordance with what is theoretically expected. Previous studies had highlighted the positive relationship between total antioxidant activity and total phenolic content [2] and this was also found in this study. TPC results (Table 1 ) showed significant differences between locations (P<0.05) with L2 presenting the highest values for all samples (5 times higher than L1 for leaves, 2 times higher for stems and 4 times higher for flowers). Differences between parts of the plant are significant (P<0.05) as well, with stems contained much higher levels of total phenolic compounds than leaves and flowers.
Lim and Quah [6] concluded that purslane leaves contain high values of TPC (around 300 mg GAE/100 g DW) and the results presented here show even higher values for leaves from both locations. In another study, Cai et al. [8] reported leaf TPC values around 600 mg GAE/100 g, but no information was given about the sampling period, which could be of extreme importance when comparing results. It is crucial to note that the plants used in this study were harvested in an advanced state of maturation. Recent studies found that mid-mature plants had higher TPC, TFC and TAA levels than did immature or mature plants [9] , because at this stage they are metabolically more active and require higher concentrations of essential compounds. Thereafter, as the leaf continues to grow, polyphenolic levels tend to decrease [6] . However, in these earlier studies, stems were not analysed, which makes our results even more interesting because it is the first comparison of purslane leaves and flowers with stems, usually a waste product, but as shown here, actually possess higher antioxidant and phenolic contents.
Differences between locations may be explained by differences in growing conditions, including temperature, humidity or drought and characteristics of the soil, and salinity [10] as it is commonly known that countryside regions, such as L2, are subjected to higher temperatures and drought than coastal regions such as L1, since proximity to the sea allows higher humidity rates. Variation of phenolic concentrations in purslane parts affirms the influence of both location and climate factors on production and release of these metabolites.
It is still important to remember that Folin-Ciocalteau reagent can react with other non-phenolic reducing compounds, such as sugars, amino acids and ascorbic acid [1] . Moreover, some of these compounds may have synergistic, additive or antagonist interactions with other compounds or even with the medium itself [6] . For this reason, TAA provides a better understanding of global antioxidant contributions of the compounds.
The Total Flavonoid Content (TFC) varies according to location and different plant parts (Table 1 ). For L1, on average, leaves presented higher values (16.3 mg/100 g), followed by stems and flowers. However, for L2, the highest TFC values were found in stem samples (17.3 mg/10g). Of the two locations, samples from L1 showed significant differences between each plant part (P<0.05), but the leaf and stem samples from L2 were not significantly different (P>0.05). This may indicate that different parts of the plant not only contain different components in different concentrations, but also may contain other phenolic compounds besides flavonoids, since the differences in TPC are significant even when the TFC values are similar. This is also the first available spectrophotometric measurement of flavonoids in purslane.
Total Monomeric Anthocyanin (TMA) values for different plant parts of purslane are presented in Table 1 . The data showed that different locations caused significant differences in these compounds (P<0.05); however, these results are different from the general trend of this study, since L1 showed higher levels than L2. There was no difference in the TMA content of the plant parts from L1 (P>0.05), but flowers from L2 had significantly higher TMA (81.7 mg/L) than leaves and stems (70.5 and 50.8 mg/L, respectively). Once again, this study brings novelty since there are no previous papers reporting total monomeric anthocyanins in purslane, and so, it is difficult to know if the values obtained here are in accordance with what is theoretically expected; however, when the same method was used to determine the contents of monomeric anthocyanins in some fruit juices, the data obtained for strawberry juice (63.6 mg/L) were similar to those obtained in our study, but higher than for cranberry juice cocktail (13.6 mg/L), both of which are considered to be rich in anthocyanins [11] . Differences between locations may be explained by the different production of each pigment at different locations, in response to the environmental factors [12] , according to their function as pigmentation and photo-protection.
Antioxidant activity is influenced by many factors, which cannot be fully described with one single reaction system. Thus, it is interesting to use multiple assays to evaluate antioxidant activity in order to provide information on their multiple abilities to scavenge different radicals [13] . In the present study, DPPH radical scavenging capacity and Ferric-Reducing Antioxidant Power (FRAP) assay were employed to test the antioxidant activity of phenolics extracted from different parts of purslane grown in different locations.
The FRAP assay revealed completely different results between locations, with L2 once again having significantly higher values (P<0.05), and also significant differences between the parts of plant (P<0.05). For both locations the stems contained the highest values (121.0 and 166.3 mg TE/100 g DW in L1 and L2, respectively), followed by flowers (106.5 mg TE/100 g DW) and leaves (90.6 mg TE/100 g DW) in L1, and by leaves (157.5 mg TE/100 g DW) and flowers (155 mg TE/100 g DW) in L2; however, for this latter site the differences were not significant. From a quantitative point of view, it is difficult to compare our results with those reported previously due to variations in the conditions used, as well as in the expressed units. Nevertheless, Lim and Quah [6] presented results from leaves of 5 different samples of purslane, and found contents in the range from 93 to 510 mg GAE/100 g DW. Here, the reported results are between these values for both locations, even taking into account that the results are expressed in mg TE/100 g DW. Moreover, in the FRAP assay, significant differences between the parts of the plant are consistent with the results described earlier, indicating that the antioxidant activity may be influenced by the plant part extracted, since each can present different bioactive compounds. Furthermore, it is largely accepted that phenols play a role in the reducing power, which is also verified in this study. This relationship, shown in Figure 1 (Pearson coefficient 0.91 and r 2 0.82), suggests that, in purslane, the antioxidant potential might be due to electron-donating ability and that phenolic compounds should be the main chemicals responsible for this.
Regarding DPPH values (Figure 2 ), stems from L1 presented better IC 50 values because smaller concentrations were need to reach 50% inhibition of DPPH radicals (between 2 and 4 mg of sample/mL of water), while leaves and flowers presented similar values, but higher concentrations than stems (around 8 mg of sample/mL of water and between 6 and 8 mg of sample/mL of water, for flowers and leaves, respectively). In L2 (Figure 2 b Hydroxyl radicals are the most reactive radicals in biological systems; they are generated by the reaction of ferrous iron with hydrogen peroxide, through a process known as the Fenton Reaction and are known to cause oxidative induced breaks in DNA chains [14] , proteins, lipids and small cellular molecules [15] . The effect of water extracts of different parts of the plant was studied by examining plasmid DNA damage ( Figure 3 ). As expected, all parts of the plant showed a DNA protective effect, through the inhibition of the Fenton reaction free radicals. Considering lanes 2 and 3, it is clear that pBR322 DNA is different in the absence, and in the presence, of Fenton reagent. During addition of Fe 2+ and H 2 O 2 , the supercoiled form of DNA is converted into its open circular and linear forms [14] . The lanes where purslane extracts were added are according to the native form, which means that DNA was protected from the action of the hydroxyl radicals. For both locations, it seems that the highest and lowest protective effects against DNA damage were found for free phenolic extracts from stems and flowers, respectively, which is in accordance with the general trend of this study. The divergence in protective effect between the phenolic extracts could be due to the presence of different phenolic compounds. However, phenolic extracts of all the plant parts from both locations might prevent the reaction of Fe ions with H 2 O 2 , directly quenching ·OH radicals by donating a hydrogen-atom or electron and, therefore, protecting the supercoiled plasmid DNA from ·OH dependent strand breaks.
The levels of selected bioactive polyphenolic compounds present in purslane samples are shown in Table 2 . Analysis of samples from L1 revealed thirteen different compounds in leaves, five in stems and fifteen in flowers. In leaves, the major constituents were gallic acid, sinapic acid and anthocyanins, specifically pelargonidin-3,5-glucoside (Pg3,5), delphinidin-3-glucoside (Dp3), cyanidin-3-glucoside (Cy3) and pelargonidin-3-glucoside (Pg3). Regarding stem extracts, the identified components were present in relatively low concentrations compared with leaves/flowers, and the major compounds were gallic and sinapic acids. Finally, in flowers, a greater number of individual components were identified but, in general, they were present in lower concentrations than in leaves. The compounds identified in high concentration were Pg3, Dp3, cyanidin-3,5-glucoside (Cy3,5) and gallic acid. In L2, analyses revealed eleven compounds in leaves, ten in stems and fifteen in the flowers. In leaves, the major constituents were gallic acid, Cy3 and Pg3. In stems, the major components were coumaric acid, delphinidin-3,5-glucoside (Dp3,5) and Cy3,5. As in L1, stems presented lower concentrations than leaves and flowers, except for the most predominant compounds: Dp3,5, Cy3,5, and sinapic and coumaric acids. In flowers, the compounds identified in high concentrations were Pg3, Dp3, benzoic acid and Dp3,5 and Cy3,5.
The results obtained seem contrary to those for total phenolic and total flavonoid content assays since those from L1 seems to present higher concentrations than L2, and stems, which demonstrated high antioxidant levels in spectrophotometric assays, but contained the lowest number of compounds. This can be due mainly to different extraction solvents used: water for extracts for spectrophotometric assays, and methanol for extracts analyzed by HPLC. Due to its low polarity, methanol can extract easily some cell wall-bound polyphenols from the cells and inhibit the degradation of polyphenols in plants by neutralizing the activity of polyphenol oxidase [16] . However, some of the compounds identified were also reported to be present in aqueous extracts, such as anthocyanins and coumaric acid by Nagavani and Rao [16] , which indicate that these compounds could also be present in purslane aqueous extracts.
Tests carried out by Oliveira et al. [5] showed that compounds varied between locations, which is believed to be related to environmental conditions, since no overlapping of compounds was present. However, this study identifies several compounds not detected in these earlier studies, such as some anthocyanins, gallic acid, coumaric acid and sinapic acid. Moreover, the main compounds identified in samples from both L1 and L2 have been reported to possess a wide range of therapeutic applications. Phenolic acids have been reported to have anti-bacterial, anti-viral, anti-inflammatory and vasodilatory actions [17] . Also, coumaric acid was associated with the reduced risk of coronary heart disease [18] , and anthocyanins, such as pelargonidin, cyanidin and delphinidin, have inhibitory effects against some enzymes, as well as vasorelaxant activities [19] .
This study has provided detailed information about the antioxidant activity and phenolic content in different parts of purslane from two different locations. Previously discussed data showed that stems appear to present higher antioxidant activity, total phenolic and flavonoids contents, and DNA protection than the other parts of the plant, and should be examined for use in daily applications instead of being discarded, as usually occurs. Generally, L2 plants showed higher values than L1. Thus, these results demonstrate that phenolic content, antioxidant activity and DNA damage protective effect varied remarkably with both location and plant part. This is also the 48 Natural Product Communications Vol. 9 (1) 2014
Silva & Carvalho first report of some methods for purslane since only little information is available for this plant and, consequently, further studies need to be performed on the differences of other bioactive compounds, such as polysaccharides, essential oil and carotenoids, and also on the influence of the harvest season/maturation of the plant on the antioxidant properties that this study confirms. However, these results suggest that consumption of purslane, especially the stems, may provide positive health benefits, as they are very rich in antioxidant phytonutrients.
Experimental
Plant materials: Samples of purslane were collected at the end of September and the beginning of October 2010 from two different locations: Tavira (L1), Algarve (N 37º 20' 0.7'' W 7º 49' 3.58'') and Vendas novas (L2), Alentejo (N 38º 40' 38.52'' W 8º 27' 18.76''), and identified by a botanist from the University of Algarve (vouchers nº13299 and nº13300, respectively). To prevent oxidation, just a day after collection, leaves, stems and flowers of each sample were separated, and dried in an incubator with air circulation for 24 h at 60ºC. Then all samples were powdered. In order to reproduce as best as possible how people use this plant, water extracts (WE) were prepared by adding 2 g of each sample to 25 mL of distilled water at 95ºC, magnetically stirred for 10 min and filtered through a Whatman Nº4 filter paper. The infusions were transferred to Eppendorf tubes and stored at -20ºC. In order to quantify phenolic acids and flavonoids by high performance liquid chromatography (HPLC), methanol extracts (ME) were prepared.
Total antioxidant activity (TAA):
The assay was carried out according to Prieto et al. [20] . Briefly, an aliquot of 0.1 mL of sample solution was combined with 1 mL of previously prepared reagent solution of 0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate. The mixture was incubated in a thermal block at 95°C for 90 min. After cooling the samples to room temperature (around 25º C), the absorbance was measured at 695 nm against a blank of water, using a T70+ UV/Vis Spectrometer (PG Instruments Ltd, United Kingdom). Antioxidant activity was calculated based on a calibration curve of ascorbic acid and was expressed as mg ascorbic acid equivalent (AAE) per 100 g dry weigh.
Total phenolic content (TPC): TPC of each aqueous plant extract was determined following the method of Huang et al. [21] . Each aqueous extract (0.1 mL) was mixed with 0.50 mL of FolinCiocalteau's reagent (previously diluted in water in a proportion of 1:10) and 0.4 mL of saturated sodium carbonate solution (7.5%).
After standing for 30 min in the dark, the absorbance was read at 765 nm against a blank in a spectrophotometer. The total content of phenols was calculated using calibration curves of gallic acid, and was expressed as mg gallic acid equivalent (GAE) per 100 g dry weigh.
Total flavonoid content (TFC): TFC was measured as described by Huang et al. [21] . Aqueous plant extract (0.5 mL) and 1.0 mL of 2% methanolic aluminum chloride solution was left in the dark for 10 min. The absorbance of the sample was read at 430 nm against a blank and the flavonoids content was calculated based on the calibration curve of quercetin, expressed as mg quercetin equivalent (QE) per 100 g dry weigh.
Total monomeric anthocyanins (TMA): TMA was measured according to the pH-differential method described by Giusti & Wrolstad [22] . First, the appropriate dilution factor for the sample was determined by diluting the sample with 0.025M potassium chloride buffer (pH 1.0) for a total volume of 1 mL until the absorbance at the wavelength with maximum absorbance (λ vismax) was less than 1.2. To determine the λ vis-max, a spectrum of the sample (260-710 nm) was prepared and showed a maximum absorbance at 310 nm. Two dilutions of the sample were prepared until a total volume of 1 mL was reached, one with buffer pH 1.0 and the other with 0.4M sodium acetate buffer (pH 4.5). These dilutions were left for 45 min to reach equilibrium. A blank of distilled water was used to zero the spectrophotometer at all wavelengths used. The final absorbance of each dilution was measured at 310 and 700 nm. The monomeric anthocyanin pigment concentration in the original sample was calculated using the following equation:
Where A = (A λ vis-max -A700) pH 1.0 -(A λ vis-max -A700) pH 4.5, MW is the molecular weight expressed in g, DF is the dilution factor and ε is the molar absorptivity. When the sample composition is unknown, the pigment content was expressed as cyanidin-3-glucoside, where MW = 449.2 and ε = 26900 [22] .
Ferric-reducing antioxidant power (FRAP) assay:
In FRAP assay, the electron-donating power of the samples are measured by the reduction of ferric-tripyridyltriazine (FeIII-TPTZ) complex to the ferrous (FeII) form [23] . This assay was performed according to Benzie and Strain [24] . A fresh FRAP working solution was prepared by mixing 25 mL acetate buffer (300 mM, pH 3.6), 2.5 mL 2,4,6-tripyridyl-2-triazine solution (10 mM) and 2.5 mL ferric chloride solution (20 mM) that had been warmed to 37ºC before use. Extract (0.1 mL) was added to 0.9 mL of the FRAP solution and left in the dark to react for 30 min. Finally, the absorbance was read spectrophotometrically at 593 nm against a blank and FRAP was calculated based on calibration curves of Trolox, and expressed as mg Trolox equivalent (TE) per 100 g dry weigh.
DPPH radical scavenging capacity: The DPPH radical Scavenging capacity of extracts was determined by adapting the method of Yen et al. [25] . A 0.16 mM DPPH solution was prepared by dissolving 0.01 g DPPH in 100 mL of methanol. Of this, 0.5 mL was added to a test tube containing 0.5 mL aliquot of sample. The mixture was vortexed and kept at room temperature (around 25ºC) for 30 min in the dark. The absorbance of the solution was read spectrophotometrically at 517 nm. Results were expressed as mean of an inhibitory concentration (IC 50 ). The percentage of inhibition of free radical for different extract concentrations was determined according to the equation:
Where A 0 is the control absorbance and A t is the sample absorbance after 30 min [25] . The IC 50 was determined by analysis of inhibition rates of extract concentrations.
DNA nicking assay:
The ability of phenolic extracts from purslane to protect supercoiled pBR322 plasmid DNA against H 2 O 2 was estimated with the DNA nicking assay as described by Lee et al. [26] , with minor modifications. Competent cells from Escherichia coli were transformed in order to incorporate the pBR322 plasmid DNA and plated. Then, some colonies of transformed cells grew in LB medium containing ampicillin for 24 h at 37ºC. 5 µL of the plasmid DNA was incubated with 5 µL of the purslane water extracts (80 mg/mL) for 10 min at the environmental temperature, and 10 µL of Fenton's reagent daily prepared (30 mM H 2 O 2 , 50 µM ascorbic acid, and 80 µM FeCl 3 ) were added. The mixture was then incubated for 30 min at 37°C and the DNA was analyzed on a 1% agarose gel, followed by ethidium bromide staining at 50 V.
Quantification of flavonoids and phenolic acids by high performance liquid chromatography (HPLC):
Methanolic extracts of purslane were filtered through a 0.45 µm filter and HPLC analyses of flavonoids and phenolic acids were conducted with a Dionex Liquid Chromatograph equipped with a model P580 solvent pump, a ASI-100 autosampler, a PDA-100 photodiode-array detector and Dionex Software. A Lochrospher 100 RP-18, with a reversed-phase column (25 cm x 4 mm, 5 µm; Merck, Darmstadt, Germany), was used throughout this study. Phenolic acids and flavonoids were detected at 280 and 360 nm, and anthocyanins at 510 nm. The mobile phase was 5% formic acid and methanol in a linear gradient starting at 15% and reaching 35% in 15 min (then isocratic until 20 min), at a flow rate of 1 mL/min and an injection volume of 20 µL. Phenolic compounds were tentatively identified by comparison of their retention times with those of pure standards and quantified individually, based on standard curves of each flavonoid or phenolic acid type. Quantification was performed with the linear calibration curves of standard compounds according to Jaakola et al. [27] .
Data statistical analysis:
All results are shown as mean ± S.D from 3 repetitions, except for IC 50 values computed from linear regression of triplicates of each concentration tested. One-Way ANOVA, 2-Way ANOVA and Post hoc tests were applied to verify whether there was any significant difference between location and/or plant parts. Statistical analysis was performed using SPSS 18.0 (SPSS Inc, Chicago). The level of α was fixed at 0.05.
